The unlimited proliferative ability and plasticity to generate other cell types ensures that stem cells represent a dynamic system apposite for the identification of new molecular targets and the production and development of novel drugs. These cell lines derived from embryos could be used as a model for the study of basic and applied aspects in medical therapeutics, environmental mutagenesis and disease management. As a consequence, these can be tested for safety or to predict or anticipate potential toxicity in humans. human Es cell lines may, therefore, prove clinically relevant to the development of safer and more effective drugs for patients presenting with diabetes mellitus. 286 G.G. AdAms et al. 
Introduction stem cells are cells with the capacity for unlimited or prolonged self-renewal that can produce at least one type of highly differentiated descendant (watt and hogan 2000) . under the right conditions, or given the right signals, stem cells can give rise (differentiate) to the many different cell types that make up the organism. stem cells have the potential to develop into mature cells with characteristic shapes and specialized functions, such as heart cells, skin cells, or nerve cells.
The first entity of life, the fertilized egg, has the ability to generate an entire organism, a capacity, defined as totipotency, which is retained by early progeny of the zygote up to the eight-cell stage of the morula. hence, totipotent stem cells have the ability to form any embryonic or extra-embryonic cell type, including germ cells. subsequently, cell differentiation results in the formation of a blastocyst composed of an outer trophoblast and undifferentiated inner cells, which are no longer totipotent, but retain the ability to develop into all cell types of the embryo proper. These pluripotent stem cells are capable of differentiating into cells from each of the three embryonic germ layers. multipotent stem cells, which are able to form multiple organ specific cell types, are progressively restricted in their potential to differentiate (Figure 1 ). stem cells research dates back to the early 1970s, when embryonic carcinoma (EC) cells, the stem cells of germ line tumours called teratocarcinomas (smith, heath et al. 1988) , were established as cell lines (Jakob, Boon et al. 1973; Gearhart and mintz 1974) . Embryonic stem (Es) cells, and their tumorigenic counterparts, embryonal carcinoma (EC) cells, were among the first stem cells to be isolated and characterized extensively.
however, it has been suggested that the EC cells did not retain the pluripotent capacities of early embryonic cells and had undergone cellular changes during the transient tumorigenic state in vivo (Andrews 2002) . in 1981, two groups succeeded in cultivating pluripotent cell lines from mouse blastocysts (Evans and kaufman 1981; martin 1981) . These cells, originate from the inner cells mass of epiblast, termed as Es cells, can be maintained in vitro without any apparent loss of differentiation potential.
it has been confirmed that mouse Es cells showed their capacity to reproduce the various somatic cell types (Evans and kaufman 1981; wobus, holzhausen et al. 1984; doetschman, Eistetter et al. 1985) , and moreover they were found to develop into cells of the germ line (hubner, Fuhrmann et al. 2003; Geijsen, horoschak et al. 2004) . The other pluripotent embryonic cells type is primordial germ cells (pG cells), which form normally within the developing genital ridges. isolation and cultivation of mouse pG cells on feeder cells led to the establishment of mouse embryonic germ (EG) cell lines (Resnick, Bixler et al. 1992; Labosky, Barlow et al. 1994; stewart, Gadi et al. 1994) . Es cells and EG cells differ in the conditions required for their isolation, culture, life span in vitro, and differentiation ability. Es cells can proliferate for as long as 300 population doublings and can be passaged for over a year in culture; EG cells can proliferate for only 80 population doublings (Thomson, itskovitz-Eldor et al. 1998; odorico, kaufman et al. 2001) . EG cells hold high ability to proliferate and differentiate in vitro, however, once transferred into blastocysts, EG cells retain the capacity to erase gene imprints. human EG cell lines (matsui, Zsebo et al. 1992) showed multilineage development in vitro but have a limited proliferation capacity and currently can only be propagated as embryoid body derivatives (shamblott, Axelman et al. 2001) . over the past 4 decades, stem cells have been isolated from a wide range of sources, including mesenchymal stem cells (prockop 1997) neural stem cells (Reynolds and weiss 1992) , and amniotic fluid stem cells (de Coppi, Bartsch et al. 2007 ) which were isolated from adult tissues (oktem 2009).
Types of stem cells and their properties
Zygote and early cell division stages (blastomeres) to the ovular stage are defined as totipotent, because they can generate a complex organism. At the blastocyst stage, only the cells of the inner cell mass (iCm) retain the capacity to build up all three primary germ layers, the endoderm, mesoderm, and ectoderm as well as the primordial germ cells (pGC), the founder cells of male and female gametes. in adult tissues, multipotent stem and progenitor cells exist in tissues and organs to replace lost or injured cells. At present, it is not known to what extent adult stem cells may also develop (transdifferentiate) into cells of other lineages or what factors could enhance their differentiation capability (dashed lines). Embryonic stem (Es) cells, derived from the iCm, have the developmental capacity to differentiate in vitro into cells of all somatic cell lineages as well as into male and female germ cells (wobus and Boheler 2005) .
Embryonic stem cell (ES cell)
The embryonic origin of mouse and human Es cells is the major reason that research in this field is a topic of great scientific interest and vigorous public debate, influenced by both ethical and legal positions (wobus and Boheler 2005; Bukovsky 2009 ). undifferentiated Es cells share two unique properties, which are the unlimited self-renewal capacity and the ability to differentiate via precursor cells into terminally differentiated somatic cells.
Es cell is derived from the blastocyst stage of the embryo, a stage of embryonic development prior to implantation in the uterine wall. At this stage, the pre-implantation embryo is made up of 150 cells and consists of a sphere made up of an outer layer of cells (the trophectoderm), a fluid-filled cavity (the blastocoel), and a cluster of cells on the interior (the inner cell mass). Cells of the iCm are no longer totipotent but retain the ability to develop into all cell types of the embryo. studies of Es cells derived from mouse blastocysts became possible 20 years ago with the discovery of techniques that allowed the cells to be grown in the laboratory. one of the current perceived advantages of using EsCs rather than adult stem cells is that EsCs have the ability to proliferate for long periods in vitro and can be directed to differentiate into a broad range of cell types.
Mouse ES cells
mouse Es cell lines were first established in the early 1980s (Evans and kaufman 1981; Axelrod 1984; doetschman, Eistetter et al. 1985) . The pre-implantation embryos (blastocysts) was isolated and cultivated on mouse embryonic fibroblasts followed by the expansion of primary Es cells outgrowths through careful trypsinization (Robertson 1987) . The mouse Es cell lines displayed their unlimited in vitro proliferation ability (smith 2001) and maintenance capacity to differentiate into all cell lineages (Ezhkova 2009; Teramura 2009 ).
The generation of mouse Es cell lines required the inactivated feeder layer cells; hence the property of feeder layer cells may be crucial to affect Es cells' proliferation and differentiation. it has been identified that Leukaemia inhibitory factor (LiF) is an important factor which responsible for controlling Es cells activities (williams, hilton et al. 1988) . it has been demonstrated that cytokines, including LiF, iL-6, iL-11, osm (oncostatin m), CnTF (ciliary neurotrophic factor), cardiotrophin-1 (CT-1), can be applied to maintain the pluripotency of mouse Es cells (smith, heath et al. 1988) . They act via a membrane-bound gp130 signalling complex to regulate a variety of cell functions through signal transduction and activation of transcription (sTAT) signalling (Burdon, stracey et al. 1999) . Quantitative measurements of Es cell phenotypic markers demonstrated a superior ability of LiF to maintain Es cell pluripotentiality at higher concentrations (>500 pm) which indicated a ligand /receptor signalling threshold model of Es cell fate modulation that requires appropriate types and levels of cytokine stimulation to maintain self-renewal (Viswanathan, Benatar et al. 2002) .
it is now well established that undifferentiated mouse Es cells express specific cell surface antigens (ssEA-1) (solter and knowles 1978) and membrane-bound receptors (gp130) (niwa, Burdon et al. 1998; Burdon, Chambers et al. 1999) and possess enzyme activities for alkaline phosphatase (ALp) (wobus, holzhausen et al. 1984) and telomerase (prelle, Vassiliev et al. 1999; Armstrong, Lako et al. 2000) . Es cells also contain the epiblast/ germ cell-restricted transcription factor oct-3/4 (scholer, hatzopoulos et al. 1989; pesce, Anastassiadis et al. 1999) . in Es cells, continuous oct-3/4 function at appropriate levels is necessary to maintain pluripotency. A less than two-fold increase in expression causes differentiation into primitive endoderm and mesoderm, whereas loss of oct-3/4 induces the formation of trophectoderm concomitant with a loss of pluripotency (niwa, miyazaki et al. 2000) .
Recently, two groups identified the homeodomain protein nanog as another key regulator of pluripotentiality (Chambers, Colby et al. 2003; mitsui, Tokuzawa et al. 2003) . it has been demonstrated that the dosage of nanog is a critical determinant of cytokine-independent colony formation, and forced expression of this protein confers constitutive self-renewal. nanog may (Vallier 2009 ) therefore act to restrict the differentiation-inducing potential of oct-3/4. study also implicated that wnt pathway activation by a specific pharmacological inhibitor (Bio; 6-bromoindirubin-3'-oxime) of glycogen synthase kinase-3 (Gsk-3) maintains the undifferentiated phenotype in both mouse and human Es cells and sustains expression of the pluripotent stage (sato, meijer et al. 2004) . hence, the Es cell property of self-renewal, therefore, depends on a stoichiometric balance among various signalling molecules, and an imbalance in any one can cause Es cell identity to be lost ( Figure 2 ). 
Human ES cells
pluripotent human embryonic stem (doss mX) cell lines were successfully derived from the inner cell mass (iCm) of human blastocysts in the late 1990s. hEs cells have similar characters with mEs cells such as the oct3/4 expression, telomerase activity, and the formation of teratomas containing derivatives of all three primary germ layers in immunodeficient mice (Thomson, itskovitz-Eldor et al. 1998; Richards, Fong et al. 2002) . Compared to mouse Es cells, hEs cells present a longer average population doubling time (30-35 h vs. 12-15 h) (Amit, Carpenter et al. 2000) . it has been demonstrated that LiF is insufficient to inhibit the differentiation of hEs cells (Thomson, itskovitz-Eldor et al. 1998; Reubinoff, pera et al. 2000) , which continue to be cultured routinely on feeder layers of mEFs or feeder cells from human tissues. LiF is unable to maintain the pluripotent state of hEs cells (daheron, opitz et al. 2004) , hence it has been demonstrated that the application of extracellular matrixassociated factors (such as matrigel and laminin with mEF-conditioned media) need to be employed to improve the culture and maintenance of pluripotent hEs cells (Xu, inokuma et al. 2001; kalkunte 2009) .
Although the successful establishment of hEs lines has been reported, these cells suffer from significant limitations including possible murine retrovirus infections (from the feeder cells) that have rendered them inappropriate for therapeutic applications in the previous studies (wobus and Boheler 2005) . By the end of 2001 about 70 hEs lines had been established using feeder layers of mouse embryonic fibroblasts. As of december 2004, only 22 of the cell lines listed in the nih register had been successfully propagated in vitro (wobus and Boheler 2005) . importantly, hEs cell lines have now been cultivated both on human feeder cells to avoid xenogenic contamination (Richards, Fong et al. 2002; Amit, margulets et al. 2003; Amit and itskovitz-Eldor 2006) and in the absence of feeder cells under serum-free conditions (Lee, Lee et al. 2005) .
ES cells of other species
pluripotent stem cell lines have been generated from other species, including chicken (Chang, Jeong et al. 1997 ), hamster (doetschman, williams et al. 1988 , rabbit (Graves and moreadith 1993) (schoonjans, Albright et al. 1996) , and rat (Brenin, Look et al. 1997; Vassilieva, Guan et al. 2000) . Among all of these, the establishment of monkey Es cells represented special importance due to the possible application for human stem cell research, including Rhesus monkey (Lester LB 2004; pau and wolf 2004) , common marmoset (sasaki, hanazawa et al. 2005) and cynomolgus monkey (suemori, Tada et al. 2001) . monkey Es cells, characterized by typical markers of human Es (oct-4, ssEA-4, TRA-1-60, TRA-1-81), have a high differentiation capacity in vitro (Thomson, kalishman et al. 1995) . These properties may qualify these cell lines as alternative and substitute model systems for hEs cell lines. moreover, after in vivo parthenogenetic development of Macaca fascicularis eggs to blastocyst-stage embryos, a pluripotent monkey stem cell line (Cyno-1) has been established that showed all the properties of hEs cells, such as high telomerase and ALp activity; expression of oct-3/4, ssEA-4, TRA 1-60, and TRA 1-81; and the ability to differentiate into various cell lineages (Vrana, hipp et al. 2003 ).
Adult stem cell
it is already known that fetal organs as well as adult tissues, with high self-renewal capacity, contain regenerative stem cell populations : blood, skin and gut. Adult stem cells are also known as fetal/somatic stem cells or tissue-derived stem cells which include both multi-potentiality stem cells, such as adult mesenchymal stem cells (hmsC) (meirelles 2009; Chugh 2009) , and the uni-potentiality cell, such as epidermal stem cells. Adult stem cells are present in most tissues and are responsible for the replenishment of those tissues throughout life. Adult stem cells differ from embryonic stem cells not only in their different lineage potentials, but also in the mechanism by which they proliferate. Adult stem cells divide asymmetrically to maintain their number in the tissue, while at the same time giving rise to cells committed to becoming differentiated tissues and organs; however, embryonic stem cells normally divide symmetrically (serakinci and keith 2006).
Adult stem cells are rare but the list of adult tissues reported to contain stem cells is growing and includes bone marrow, peripheral blood, brain, spinal cord, dental pulp, blood vessels, skeletal muscle, epithelia of the skin and digestive system, cornea, retina, liver, and pancreas (2001) and their plasticity restricted. A number of recent investigations have suggested that they may be more plastic than previously thought. haematopoietic stem cells (Ainsworth 2009; parrish 2009 ) from the bone marrow had the capacity to develop into neural, myogenic and hepatic cell types and neuronal or muscle stem cells developed into the haematopoietic lineage (Bjornson, Rietze et al. 1999) . moreover only an estimated 1 in 10,000 to 15,000 cells in the bone marrow is a hematopoietic (blood forming) stem cell (hsC) (weissman 2000).
Their primary functions are to maintain the steady state functioning of a cell (homeostasis), with limitations, to replace cells that die because of injury or disease (holtzer 1978). These observations follow that somatic cells of the adult organism may yet have a high plasticity, and their developmental potential may not be restricted to one lineage, but could be determined by the tissue environment in the body (watt and hogan 2000). Furthermore, adult stem cells are dispersed in tissues throughout the mature animal and behave very differently, depending on their local environment.
hence, adult stem cells offer new potential for the biomedical therapy, although the cells proliferation and differentiation mechanisms remains unclear. The limitation of adult stem cell include: 1) the proliferation and differentiation capacity may be lower than Es cells; 2) adult stem cells may contain dnA abnormalities caused by exposure to environmental factors, and stem cells of certain patients may contain genetic defects and therefore would be inappropriate for transplantation.
Stem cells: Therapeutic interventions in the treatment of Diabetes mellitus
due to their unlimited unique self-renewal and potential development properties, Es cells can be derived into multi-lineage cells and used as alternative resource of transplantation therapy. To fulfill the therapeutic application, efficiency of directed differentiation into specific somatic cell populations need to be improved to satisfy clinic requirements. stem cells represent the nature of embryonic development and tissue regeneration. The established permanent Es cell lines can be regarded as a ver-satile biological model system that leads to major advances in cell and developmental biology and this includes the pancreas.
The mature pancreas plays a central role in glucose homeostasis and metabolism, has two morphologically and physiologically distinct components, the endocrine pancreas and the exocrine pancreas (white 1973). The exocrine pancreas comprises the bulk of the tissue and is made up of acinar cells that specialise in the secretion of digestive enzymes via the epithelial pancreatic ducts. The ductal system transports the digestive enzymes to the intestine where they ensure nutrient digestion and absorption. The endocrine part of pancreas is scattered irregularly throughout the exocrine pancreas, with the majority identified as small spheroid clusters of cells, called the islets of Langerhans (soria, Roche et al. 2000) . The islets are distributed throughout the whole pancreas and vary in size with a higher density in the tail of the organ. Apart from the typical islets, small endocrine clusters and single pancreatic endocrine cells can also be found occasionally in the pancreas. The islets are a heterogeneous population of 4 main types in the following proportions: 65-90% insulin-producing β-cells, 15-20% glucagon-producing α-cells, 3-10% somatostatin-producing δ-cells and 1% pancreatic polypeptide producing pp-cells (Rahier 1988 ) and under normal physiological conditions glucose homeostasis and metabolism is maintained; in the patient presenting with dm, however, imbalance can lead to micro-and-macrovascular disorders.
during gastrulation, the epiblast, consisting of multi-potential cells, generates three embryo layers, including endoderm, mesoderm and ectoderm (Figure 3) . The gastrointestinal organs, including the pancreas, are derived from the endodermal layer. The induction of the endoderm appears to be governed by nodal/transforming growth factor (TGF-β) signalling from the adjacent ectoderm and mesoderm within the primitive streak and the node (wells and melton 1999; Lewis and Tam 2006). After gastrulation, the endoderm is patterned in an anterior-posterior fashion in response to fibroblast growth factor (FGF-4) signals from adjacent mesoderm (dessimoz, opoka et al. 2006) . it has long been recognized that mesenchymal-epithelial signalling is important during subsequent growth and differentiation of the pancreatic epithelium (Golosow and Grobstein 1962) . Epidermal growth factor is another mesenchymal factor that has been shown to regulate proliferation of the developing pancreas both in vitro and in vivo (miettinen, huotari et al. 2000) . other mesenchymal factors, such as follistatin, regulate cell-type specific differentiation within the pancreatic epithelium. in the absence of mesenchyme, pancreatic epithelium gives rise to endocrine cells, but not exocrine cells (Gittes, Galante et al. 1996; miralles, Czernichow et al. 1998) . notch signalling is another key regulator of pancreatic cell growth and differentiation. during the early stages following the formation of pancreatic primordial, notch signalling is essential for the expansion of undifferentiated progenitor cells (hart, papadopoulou et al. 2003; norgaard, Jensen et al. 2003) . during subsequent stages, notch is frequently used to control the sequential generation of different cell types from a common progenitor cell and consequently helps to specify endocrine cell differentiation (Esni, Ghosh et al. 2004) . it has been reported recently that the wnt signalling pathway is also crucial in pancreatic organogenesis (murtaugh, Law et al. 2005) (papadopoulou and Edlund 2005) and that activation of wnt/β-catenin signalling at a later time point in pancreas development causes enhanced proliferation of acinar cells (heiser, Lau et al. 2006 ). differentiation of Es cells is a heterogeneous process, and desired lineages can be enriched using various strategies (Zhao 2009 ), which includes the induction using chemokines, co-culture with differentiated cell types, and genetic manipulations on the Es cells. differentiation is normally induced by culturing Es cells as aggregates (EBs) in the absence of the self-renewal signals provided by feeder layers or LiF, either in hanging drops (yamada, yoshikawa et al. 2002; kurosawa 2007) , in liquid "mass culture" (doetschman, Eistetter et al. 1985) , or in methylcellulose (wiles and keller 1991; dang, kyba et al. 2002) . The adherent monolayer cultures in the absence of LiF (ying, stavridis et al. 2003) have also been used to differentiate mouse Es cells in vitro. scalable production of Es-derived cells could furthermore be achieved through the use of stirred suspension bioreactors with encapsulation techniques (dang and Zandstra 2005; . during the differentiation process, Es cells spontaneously develop to form cells within all three germ layers (Qu 2008) , endoderm, ectoderm and mesoderm (Figure 4 ).
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Endodermal differentiation
in mammalian development, both the pancreas and liver originate from the definitive endoderm (shiraki 2009). The pancreas develops from dorsal and ventral regions of the foregut, and the liver from the foregut adjacent to the ventral pancreas compartment (slack 1995). pancreatic and hepatic cells are of special therapeutic interest for the treatment of hepatic failure (Gupta and Chowdhury 2002) and diabetes mellitus (Blyszczuk and wobus 2006), and both pancreatic endocrine and hepatic cells could be developed successfully in vitro from Es cells. et al. 2000) . in contrast, the spontaneous differentiation of mouse Es cells in vitro generated only a small fraction of insulin-producing cells (0.1%) (shiroi, yoshikawa et al. 2002) . By modifying the differentiation protocols and using genetically modified mouse Es cells, the differentiation efficiency has been improved greatly (Lumelsky, Blondel et al. 2001; Blyszczuk p 2004; miyazaki, yamato et al. 2004) . Although the modification of differentiation protocol allowed the generation of insulin-producing cells from mouse and human Es cells, further improvements are necessary to generate functional pancreatic islet like clusters. Although Es cells could be used as an available source to obtain large amounts of transplantable cells as regenerative medicine as in the case of T1dms, the major obstacle to the successful and safe clinical use of differentiated cells is the possibility of immune rejection and teratomas or teratocarcinoma formation in the recipients (mimeault and Batra 2006; Trounson 2006) . more recently, kroon et al showed that pancreatic endoderm derived from human embryonic stem (doss mX) cells efficiently generates glucose-responsive endocrine cells after implantation into mice. upon glucose stimulation of the implanted mice, human insulin and C-peptide are detected in sera at levels similar to those of mice transplanted with ~3,000 human islets. moreover, the insulin-expressing cells generated after engraftment exhibit many properties of functional ß-cells, including expression of critical ß-cell transcription factors, appropriate processing of proinsulin and the presence of mature endocrine secretory granules. They also showed that implantation of hEs cell-derived pancreatic endoderm protects against streptozotocin-induced hyperglycemia (kroon 2008).
Encapsulation of embryonic stem cells
A way of ensuring that immune rejection does not occur is to establish an appropriate encapsulation method that releases insulin in a glucose-responsive manner and that the diffusivity of insulin being produced by the stem cells post-encapsulation can be assessed. in our systems, alginate was used in various concentrations: 0.5, 1.0 and 2% w/v in order to examine diffusion parameters. A key concern with the use of alginate is the long-term stability, and too low an alginate concentration may easily cause a collapse of the gel structure and cell release. 0.5% w/v alginate gel can only form relatively weak structure and cannot maintain cells long term in culture system and 2% w/v gels inhibit the influx of nutrients and the efflux of cellular wastes. As a result, only the 1% w/v alginate-based gel was used. An essential requirement for alginate micro-beads to serve as 3d environments for stem cells differentiation is the permeability towards diffusion of the growth factors and supplements required for cells' endocrinal differentiation into the micro-beads. diffusion studies were conducted by monitoring penetration of fluorescently-labelled model molecules in a range of molecular weights (FiTC of 327 da, FiTC-igG of 150kda and FiTC-dextran of 500kda) into alginate beads ( Figure 5) . we assessed the viability of encapsulated Es cells such that a scalable tissue culture environment using alginate encapsulation could be utilised to promote embryonic stem cell differentiation. The cells were released immediately post-encapsulation (within 12 hours) and cell viability analysis carried out. 95.2% of the original 10.3 million confluent mouse Es cells harvested were live cells and following encapsulation and immediate disintegration of the beads, 9.6 million cells were collected (data not shown). There was no significant difference between cell viability before and after encapsulation (p=0.1205) and no indication that encapsulation significantly affects Es cell viability. This shows that in the initial stages, the cells may continue to follow a pre-programmed route until they become acclimatised to the local surrounding environment (maguire 2006 ). once acclimatised the viability begins to minimally diminish over time but this diminution is not statistically significant. A1 B1 C1 A2 B2 C2 A3 B3 C3 Figure 5 . Cryo-sEm images of various concentrations alginates A1 (0.5% w/v), B1 (1% w/v), and C1 (2% w/v). study of FiTC conjugated dextran (mw 500kda) diffusion into alginate micro-beads at 1 and 24 hours time points. A2) Confocal microscopy section images of 0.5% alginate micro-beads incubated with FiTC-dextran after 24 hours; B2) Confocal microscopy section images of 1% alginate micro-beads incubated with FiTC-dextran after 24 hours; C2) Confocal microscopy section images of 2% alginate micro-beads incubated with FiTC-dextran after 24 hours. Alginate beads with encapsulated stem cells A3) 0.5% alginate beads; B3) 1% alginate beads; C3) 2% alginate beads.
The use of alginate may promote entrapment either by cell-cell contact or decrease intercellular spacing, both of which could be conducive to intercellular signalling, which is mediated either by direct contact or soluble mediators. Any additional entrapment by alginate that followed this could further promote this interaction; the inclusion of hyaluronic acid as a constituent of the encapsulate does not, however, further significantly affect the viability of the cells.
These findings substantiate our method of encapsulation as opposed to the traditional formation strategies, for example those described by Cameron et al, where embryoid body formation is required (hu 2003; . These systems are probably used because they are known to generate three germ layers characteristic of embryo development, but EB formation is not an essential requirement in the production of insulin.
Conclusion
due to their unique characters, the unlimited proliferative ability and plasticity to generate other cell types, stem cells represent a dynamic system suitable for the identification of new molecular targets and the development of novel drugs, which can be tested in vitro for safety or to predict or anticipate potential toxicity in humans (Ahuja, Vijayalakshmi et al. 2007 ). These cell lines derived from embryo could be used as a model for the study of basic and applied aspects in medical therapeutics, environmental mutagenesis and disease management. moreover human Es cell lines may, therefore, prove clinically relevant to the development of safer and more effective drugs for human diseases (davila, Cezar et al. 2004) 389-98. lAboskY, p. A., bARlow, d. p. (1994) . mouse Embryonic Germ (Eg) Cell-LinesTransmission through the Germline and differences in the methylation imprint of insulin-Like Growth-Factor 2 Receptor (igf2R) Gene Compared with Embryonic stem (Es) Cell-Lines. Development 120(11), 3197-3204. lee, j. b., lee, j. e. (2005) . Establishment and maintenance of human embryonic stem cell lines on human feeder cells derived from uterine endometrium under serum-free condition. Biological Reproduction 72(1), 42-9. lesteR lb, k. h., AndRews l, nAueRt b, wolf dp. 
